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INTRODUCTION

Bulk superconductivity has been observed in Ni- and Pb-based rare-earth boro¢ari®iies
with critical temperature$. up to 23 K. This has raised questions about the understanding of
the origin of superconductivity. One of which concerns the robhetransitionmetal nickel:

if the Ni 3d electrons are involved in the conductivity the electron-electron corre(dti@nto

the presence of a patrtially fillé®t band)may play a significant role in the determination of
properties. Superconductivity has also been observed [213 iclosely relateRE-Ni-B-C
system (RE = YIm, Er, Ho,and Lu) with amaximum critical temperature df6.6 K in
non-magnetic LUNB,C and 15.6 K for YNJB,C.

The crystal structure for LubB,C and YNiB,C is a bodycentered tetragonal (bct) structure
similar to the ThC)Si,-type system with aadditional carboratom in lanthanide laydg#].
Local density approximatior(LDA) band structure calculatio®, 6] have shown that,
although Ni3d dominates near the Fermi LevEE], all four atoms are involved in thends
atEr and above. The states at Fermi level consist primarily df Blip, C p, and Lud. The
dispersion ofthe bands (with Lud and Nid + B p characters) along the direction is
comparable to that in th@lane, giving a stronglythree-dimensional (3D) character.
Photoemission studies of YMB,C [7, 8] showthat Ni 3d emission is expected &t5 eV
below Er, andthat thestructures at ~6, ~1@nd ~14 eV have significant B and/or ZSp
character.

Soft x-ray emission spectroscopy (SXES), probing the occupied part 2y therivedpartial
density of states (DOS), has been used in previous studieselétti®nicstructures of high
temperaturesuperconductor$9,10]. Here we reporthe SXES studies othe electronic
structure of quaternary intermetallic compounds ,BNC and LUNiBC and a comparison of
the results to the calculated DOS of LuBJIC and LUNiBC.

EXPERIMENT

The sampleswere prepared byarc-melting andannealing. The starting materials are
lanthanide(Y, Lu) shavings,pureNi, B, and Cpowders.The phase purity othe samples
was detected by x-ray powder diffraction. Both samples,B)XIi and LuNiBC, were found
to be phase pure withithe resolution of the-ray diffraction system.The YNi,B,C and
LUNIiBC compunds are superconductors Wig= 16 K andT = 2.9 K, respectively.

The experiments were performed at Beamline 7.0 of the Advanced3adginte (ALS)[11],
Lawrence Berkeley Laboratory (LBL). This Beamline is comprised of a 5-meter, 5-cm-period
undulator and a 10,000-resolving-povegherical grating monochromat@®GM) covering

the spectral range from 100 to 1300 eV. The soft x-ray emission spectra was recorded using a
high-resolution grazing-incidence grating spectrometer with two-dimensietedtion[12].



In the SXES measurements the bandpasheofncomingphotonbeamwas set to about 0.2
and 0.3 eV for boron and carbon, respectively. The spectrometer resolutiOn2asV and
0.45 eV for B and &-emission measurements, respectively.

RESULTS AND DISCUSSION
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a single-band dominant structure with|fgure 1: The B x-ray emission of YNB,C and

: LUNiBC with photon-excitation energy above the
2.7 eV FWHM, and peakmaximum ionization threshold (open circles). The calculatqut B

locates at aboull82.0 eV.The high- (pos of LuNiB,C and LUNIBC, obtained from an LDA
energy edge cut off at about 186.0 eV.|band structure calculation [5], are displayed (solid curjes).
The calculateg-DOS was shifted so that tlkg= level is

The calculatechoron partial density of in accordance with the cut-off edge in the XES spectnllm
states of LuNB,C and LuNiBC, Of YNIB.C.

obtained from LDA band structure calculation [5], are displayed in Figure 1. Because we are
not aware of thealculatedboronpartial DOS of YN|B,C at presentthe B Ka emission
spectrum of YNJB,C is compared wittthe boron partial DOS ofLuNi,B,C since theboron

partial DOS of YNjB,C is very similar tothat of LuNiB,C. The energy scale of the
calculated partial DOS was obtained by aligning the Fermi levahdasated in theFigure 1,

to the cut-off edge in the experimental spectrum of ,BNC. Bothcalculationresultsagree

well with the BK emission spectra of YN8,C and LUNiBC.

X-ray diffraction results showed that the crystal structure of,B)G and LUNiBC is ahree-
dimensionally connected framewofld], and it may be viewed as a layeregstem,
reminiscent of thehigh-T¢ oxide superconductors. LuCNaCl-type layersalternatewith
Ni,B, layers, with a stoichiometry of 1:1 for Y¥,C (or 1:2 for LUNiBC). The NB, layers
are two-dimensionahetworks of the inversePbO-type, withnickel being tetrahedral-
coordinated byfour boron atomsThe NiB, layers contain a square-planar, Nirray
sandwiched between the borplanes.The tetrahedral-coordinated Nroduces Ni-B bonds
that are relativelyweak, and this leads tiNi-B hybridization effects that are moderate in
strength.



B 2p states mix with the Ndspband and form occupied bonding sta2gs4spwith main 2p
character. The interaction between Zp and Ni 3d electrons results in bonding and
antibonding 2p-3d states close to the Fernevel. The splitting betweerbonding and
antibonding states is small since the interaction betweetpthied3d states isveaker. In Ni
the3d band in the formation athemicalbonds is positionedear the Fermlievel, andthere
are empty states above the Fetmvel. In this energyregion, the B 2p partial DOS is
expected to be very low, as it was pointed out in the calcula®pgpBrtial DOS of LUNJB,C
[5, 6].

The predominant feature in the Ba emission spectrum of YNB,C, appearing at about
181.2 eV, has mainly pure & character. At higher emission energythe B Ka spectrum
of YNi,B,C, a plateau of intensity appears which ends with a sttgp at about86.1 eV.
The intensity at the Fermi level infBemission spectrum from YN8,C is due to B2p - Ni
3d hybridization with mair8d character. Th@bserved cut-ofedge at the Ferntevel in the
XES spectrum indicates that the antibondpeBdstates are partly occupied.
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scale of calculated partiaDOS was ionization threshold (open circles). Tlealculated Cp-

obtained by aligning the dominantyg o | yNiB,C andLUNIBC, obtainedfrom an LDA

features with respect to the same featurt?a%d structure calculation [Sdye displayedsolid curves]).
in the  experimental ~spectrum Oﬁ'he calculatedp-DOS wasshifted toalign thedominan
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owest partial DOS bands, whichhave spectrum of YNIB,C.

carbon 2s character, are absent in the
XES spectra due to their dipole forbiddeature. Bothcalculatedcarbonpartial DOS are in
very good agreements with thek@ spectra of YNJB,C and LuNiBC.
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